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We, PHnups pctholeom 

i^uivu'W^. V Corpofation oiSMiiscd and 
distinj? under tlie laws of tho^ Slate of Dda- 
waic, United States of Anwrica, f 
vnic, Oklahoma, United S&ica of Amttica, 
do hereby declare die iavEndon, for which m 
pray that a patent tnay he finrntcd tn ub, 
and ihfi metliod by which it fa to be per- 
fanned, to be partloilody described in nntl 
by die following statement: — ... _ 

Thb Invention lelntcj to ^tnbiUzed poly- 
(oiylcnc sulfide) teslas. Ll one ,aspcC?, k 
tdites to poly(oiylMe sulfide) tesms treated 
with oigaua-phoSphuwc odda to inhibie tiis- 
culoratiuon. Itt another aspccr, li rekta to 
polyfarylene sulfide) naba tiwtnd witli 
ortanic phosphites tn inhibit discolyation. In 
niidier Aspect, It iclatts to pQlyft)henyl«w 
sulfide) lesins resistant tu hcat-Induccd ols- 
coloiatinn hy vlcme of trtatmcnc with organo* 
phDaphinic adds or organic phnsphlies* 

PoViiiylcne sulfides) wluch have rot been 
subjected tD dcvatfid tnmpcrttures, and vrjudi 
do not cnntain eronps capable of impattin? 
color to die polymers are gaicraUy white or 
light colored. However, during Weh tanpem- 
twe curinff. mnldrn^, or other heat trcatnu^t, 
the polymcn oftea tmderco consldpbie 
dazkeninc, This dotkcninff occurs evm thoueh 
pir is cxdudfid during tte high tempertturc 
treatment. For example, nlthough polyQi- 
phenylcne Bulfidfi) docs not discolor whrtlyub- 
[ccicd to tEmpcratures up to about 29p'*C for 
one hour in a scaledp cvacoaicd oaiimnK', utt 
polymer does become Bny^bsown when heated 
at 365* C under the same conditions. Since 
ic la fxcquendy deslraWe m cure ^^^'^P^j?- 
mctB at ternpetaturcs as high as 425% 
curing will result in on tmdcsltuhle cdoration 
of white or nearly white polymers* The term 
•'curing" as twcd hereiA xefers tn heat trcnt- 
mcnt of the polymers whcrdn the molecular 
wdrfii of the polymer is thus increased. _ 

FuxthermorCi even cured polymers, i-c, 
polymers whose molecuhir wdGhc bus been 
increased by heating and whidi have been dls- 
cdorcd tliereby, whldi ore subjected to biter 
heat trcamicnt for the purpose of moldiflg or 

[Pnce 2Sp\ 



coating, will imderco even further discotora'* 
tlon, Hds discoloration is nesthcdcally undcslr- 
qUcj and limits the apptlcaUon of thiac icahis 
in ccrtak ^pedfic instances* 

It Is known to inhibit the discoloratiott of 
polyCorylene sulfide) resins by tlie addition 
thereto of a monothiol or poly thiol as dls« 
do5cd in U.S. Patent 3,386,950i It is also 
known that the discoloration of poly(arylcne 
Euinde) resing cm be inhibited by the addition 
of a hydroxy^sub&tltuted amine as diadosed in 
U.S. Patent 3,408^42* 

In accordance with this Invendont it has 
been found that certain oTganophosphlnie adda 
and organic phosphites Idhibic dlsoilQmtiQn 
of pol^oiylenc sulfide) resins. The oi^o- 
phosphmln add« and organic pbosphlms used 
m accordance with the invention are of the 
fotmuhiB _ _ 
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rcspectlvdy, where one of the R groups Is 
aryl and the other is hydrogen or aiyl; 

It' la en olkyl* uryl* eydoalkyl, olkaryl or 
nrdkyl group contaming up to 20 carbon 
atomSi and 

R'' and R'" are each hydrogen or n group 
as defined for TX'* ^ , 

In the formula of the organophoaphimc 
adds, die oiyl e™^pM represented by R or 
by both R*s, as the case may be, may be 
monocycfic at polycycli^ but picfepibly cott- 
tdn no more than 3 linflj- Typical volura 
mdude phenyl, tolyl, ed^lphenyJ, butylphenyl, 
propyUruylj cd^lhea^Iphanyl, napbtnyit 
ontfaryit and phexumihryL 
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The tEim "arylcne auICdc polymer" aa 
used in this spcdflcadoxl ift intended to Include 
polymexs of the ^pe whidi aie prepared us 
described in U.S. Fatenx 3|354,U9. Aa dls- 

5 dosed in thiii ptiicntp these polymets am 
prcpaitd by miicilnjs a" pofyhalo-subailtuied 
cywB compound contauxlng unaatuntion 
between odjaxxnt rin^ atnms ond an nlbdl 
metal sulfide in polar otgaDic ccmpoundi 

10 Tlie icsultltig polymer cohtalos i2»e cydic 
stnicture of tlicpolyhttlo-Bubstimttd compound 
coupled in repcnnng units titrotlgb a sulfur 
atom. Hie polymexs which arc prcfcntd for 
use in this invention, because of their high 

15 thciinal stability and avallabiiity of me 
nuitenala ficm which they are prepared* are 
ihoae polymera having the repeating unit 
_]t— ^» Avhere R is phcnylene, blphenylene» 
napfithylcne^ biphenylene ether or a lower 

20 oUcyl-subsiitutcd derivative diereof. By "lower 
alS:yr is meant alkyl groups having 1 to 6 
carbon atoms sndi as methyl, propyl, isobutyi 
and n-!»exyL The preporatton of such poly- 
mm is quite xvell disdosed la llle above patent 

25 of Edmonds ec al» 

The polymers of this inventtoti are prefer- 
ably tbo^e which have melting temperatures 
above nbouc 204'C. These aiylene sullida poly- 
mers eaq have a melting tempcxauite ony- 

30 where In the range from 204'C to 4fl2"C 
Polymers of |dieixylcne suliide normally have 
mdtmg temperatures in the nnge from about 
28B to 4a2"a Tlie preferred polymert have 
an inherent viscosity In ddoionapIiUioleno at 

35 2D6"C. of ac least 0.1, more preferably 
between 0.1 and 0.3 and Ideally between ai3 
and Q23» 

The Invention Is broadly applicable to poly- 
arylene sulfides fanned bf nny tedmlque. It 

40 can be used, for example, with the resins 
manufactured as described In U.S. Patent 
2,513,188 prepared by reacdng mixtures of 
p - dichlorobcnzene and 1,2,4 - trichloro- 
bcnzene with sulftxr and a metal holide at 

45 fusion temperatures. It csa also be tised with 
lesins manufactured by the mediod described 
in SHtish Patent 962,941 wherein metal salts 
of halothiophenols are heated at a polymerize 
Ing temperature. The Invention is c^eciolly 

50 useful with polymcts produced bv reacdng 
anhydrous sodium sulfides with polyhalo-sub- 
stituted cyclic compounds in polar or^nic so1« 
vents as difidoBcd in U.S. 3,354,129. The 
Invention can be used with linear polymers 

55 foxtned by use of dlhalo aionuitle compounds 
. or with croselinked polymers whcrdn poly- 
halo aromatic compounds ore added tn tlie 
polymer to aid ocssUnlung. 
Repiesentatlve examples of cxi^anophos- 

60 phhiic acid that can be employed include 
plienylphospMnle add, diphcn^rlphosprinlc 
oddi phenyl(l • naphthyl)DhosphInic odd, 8 - 
anihrylphosphinic add, dl(3 - phcnanthrylV 
phosplunic add, 4 » clcosylphenylphosphloie 



add and dlf^a^fi ■> triathylphcnyQphospUnlc 65 
add. 

The amounts of the otctmophosphlnic acids 
uilliied in the polyphenylene sulfide are pre- 
ferably ftam 0-01 tn 20.0 pans by wdghc per 
100 ports of the polymer. A more preferred 70 
range is from OJ25 to 3.0 parts add per IQO 
parts polymer* 

Typical examples of organic phosplutcs 
that can be employed Indude Isobutyi phos- 
pJntej ethyl phosphite, cydohcxyl phosphite^ 75 
phenyl phOBphite, tridecyl phospbiicj cicosyl 
phosphite, 1 - naphthyl phosphite, 2 - phcn- 
antliiyl phosphite, 1 - (3A7 - tricdiyhnthryl- 
cyl) phosphite, dl(2 ^ plicnylcthyl) pbosphii^ 
dI0texad«?l) phosphite, dJcydopcntyl, phos< 00 
phltc, dlocryl pliQsphitc, diethyl phosphite, 
di(tru!ecyl) phosphite, dtbutyl phosphite^ 
diphc^yl phosphitcj dldccyl phoephite, cydo- 
hexyldccylphcnyl phocpliito, trioctyl phosphite, 
trimethyl phosphite, tricdiylphospbite, tnbmyl B5 
photphf le, trilsobutyl phosphite, ttl^sec ^ butyl) 
phoaphltcj tH(iett - butyl) phosphite, trihexyl 
phosphite, tricydohczyi phospliite, trip • 
eihylhejyl) phosphite, triisooctyl phosphitCj 
tri(tridccyl) phosphite, trlQieptndecyl) phoa- 90 
phite, tri(QctadecyI) phosphite, tridcosyi phos- 
j^tc, phcnyldidecyl phosphite, p]ienyldl(hcxa- 
decyl) phosphite, phcnyldi(nonadecyl) plios- 
phitc, diphcnyldccyl phosphite, dlphenylbcpta- 
decyl phosphite, diphenyhaonadecyl phosphite;, 95 
tdphcnyl phDsphiie, trl(o - octylphenyl) pho»« 
phlte, iri(l - naphthyl) phosphite, tn(2 - 
naphthyl) phosphite^ triCp - dodecylj[4ienyl) 
phosphite, and tri(nQnylphcnyI) pho^hita 

Particulariy suitable phosphites are di- or 100 
trioctyl phosj)hIte, diethyl phosphite, dlbutyl 
phosphite, diphenyl phosphitei and di- or tri<* 
decyl phosphite. Of tliese, dioctyi phosphite 
Is presently piefeczed. 

The amounts of the organic phoaplilies 105 
utilised In tl)e poly(arylcna sulfide) lesln arc 
preferably from 0.01 to 20 pans by weight 
per loo parts of the polymer. A more pre- 
fcned range Is from 025 to 3 parts organic 
phosphite per 100 ports pdymer, 110 

The otganophosplunlc acid or organic phos- 
phite can be incorporated hi the polymer prior 
to heat treatment In any convenient mannera 
l^or example, tlie otganophosphinic add or 
organic phosphite can be added as audi to the 115 
polymer and the resulting mixture can be 
a^tated In any suitable manner to achieve gnod 
mixing, 

The stabilizing add an be added tn the 
polymer in scvoal ways. For example, the 120 
add can be dissolved in a suluble solvent 
such as occtonci or methand-waler. The solu-* 
lion Is sprayed on tlie polymer or sltirried 
with the polymer lo distribute the additive. 
If desired, tlie treated polymer Is given addi- 125 
tional mixmg in a tumble blender or Henschd 
mizeri to more iliomughly distribute the addi- 
tive. The mixutg devices mentioned can also 
be tised to blend the powdered odd with the 



polymer powdcTt It is also fenaibk to incoiw 
pocqtB the stabilizer, la sjcatcii itsin by ualng 
a Sanlmiy nihcri Biabcndes mtxet or 
csctrudcr. 

5 It la also within the scape of the Iflvcntlon 
to admix the polymer and color sttbillans 
phosphorus cDoipouni with stihnblc plftstic»- 
mff accnta, dyes* fiUp, and pie^ctttt' , 
Heat tteatmcnt of the polymer and color 

IQ stabilization or reduction with tha phosphona 
compounds of tlic invention can be qnconi^ 
pliahed by mctitpomtinB ilie phasphotus addl- 
Sve into the polymer and then subjcctlnff 
tl^e polymt^conniinirtg additive to a curing 

15 temnenitun: such as an dcvated tcinpcr»toB 
in Ae range 15O--400-Q prfciably 200« 
370*C, for a period of one hour to 24 hoursj 
preferably thicc liom to twelve boura. 
The cumpositions of the Invnition am be 

20 used M coaiinga on vntioias suhatraies such as 
metals and ctraii^cs* The compojitloi^ ore 
suitable for preparing nwny useful nrtidcs W 
inlcciion moldmp. cstnision and cumpression 
moldine tedmiques, Such amcto indude pro- 

25 files, mcchnntcal partSj ond containers. 

Specific Uromple 
Color ftabilitlnff odditivcs ol the Invention 
were mdt blended (one per cent by wcleht) 
with polypljenylene sulfide *jr ten mhiutcs 

30 under a nltiDgen Uankct In a Brabcader mixer 
oc 0 tcmpcratuTB of about 290*C The conmu 
ms rfmilftrly treated, A filro, 5 imU diidk^ 
was coraptesslon molded fxnm eadi of the 
samples at about 330»C under n prcaaizre of 

35 3Q,000 pfilg for 30 minutes and then codIm 
rapidly. The color of cadi film was visually 
evulnaied according tn ilie Gray Scale for 
Sttinlnff Twt devised by the American 
Assoddtloa of Tcjctile Chemiata and Coloriftts 

40 (AATCQ. In this test a my color is ctaa- 
pared wiih a white Ktandard. A ratfaig of 1 
indicates that a sample has dunged in color 
from while tn about blndc A rathiff 5 mdi- 
caccs no dumge fnuA die whim standard. The 

45 results are presented In Table X. 

TABLB I 

Addidve uaed Gmy Scale jTitinff 

none (control)^ ^ J»J 
plienylphosphinic add 3-^ 
dloc^l phoaphite 2.0 

These dni* show diat the color of poly* 
50 phcnyicne sulfide iwin rablecti^ to dcvated 
tcmpcrannts during meltmg and jnaidiflS.aTe 
reduced by Ineorponnhi^ sudi nddiUTes into 
the leain prior tn die hear Treatment. TTie 
f onnnlatlons of Table I conmhung the addl* 
55 dves ore suimble fior eoatlng applications. 



WHAT WE CLAIM IS:— 
1. A mediod of stabilizing poIy(arylene 
sulfide) rcsb composldons asauisc di^Ioia- 
tioa which comptlsea Incorporalwg thcfdp an 
oisanle phosphorus compound of tlie f onmila ; CO 



HO-*] 



0 R 

y 



or 



OR'* 
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where one of the R gmupa is siyl and the Other 
is hydrogen, or arylj „ , „ , 

W h an Bilii'l, ttiylf cydoalkyl, alkaiyl or 
croflcyl gtuup coniaMung up lo 20 catoott 
ntonis^ and 

R'' and W are cadi hydrogen or a 
group as dciincd for R'. . . ^ * . 

2. A method according to daim li_ wherein 
the organic phosphorus compound is incor* 
poratcd in on amount of from 0.01 to 20 
parts by wdght per 100 parts of polyCatylene 

™e). , . , 

3. A method according to daun 2, vrherela 
said amount a from 025 to 3,0 parts bj 
weiebt pet 100 pons of poly(arylcnc sul- 
fide! ^. . . * 

4. A medtod accnnling to dolm 1 B5 
2, wherein the organic phosphorus compound 

is dioctyl phosplilte or phcnylphosphkic add. 

5. A method according to any one of 
doinu l--4» wheiehi the poIy(arylene sul- 
fide) has a mddng point in the range 204 m 90 
4B2-C 

6. A meUiod accotdmg to any one of 
claims 1—5, wherein the poWaiylcne sul- 
fide) hai on inherent Tiscosiiy in ddotn^ 
na^dialcnc at 206'C in the range 0.1 to 95 
0.3. 

7. A meifaod according to daim 6, wherein 
lite mhcrent viscosity Is in die range ai3 ts 

8. A method according to any one of claims 100 
1—7, whereia ihc poly(arylcne sulfide) is a 
polyfphenylcne sulfide). 

9. Poly(arylcnB sulfide) resin composinons 
nrficn stabiliaKd against decoloration by n 
method claimed in any one of daims 1— 105 
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10. FoIy(aiy]cnc sulfide) zcaln compositlcms For tlie Applicants, 
occotdlns to claim 9> iwludi bave been cured D. YOUNG & CO^ 
by heating ihc composMgn afw Iticorpom- Qianered Ffltcnt A^enta^ 
tion of the 5tabin2cr« 9 Smple Inn, 
London ^ \/FJCJl. 

Printed tor Hat Vb^nkfs fitatlansiy Qfllco, hj ilio Courtitr Pro<i| Loamlnfftoa 6po» 1074. 
Fubllil»d bjr 13ui Paionfc GiEco, 26 Sauthmuiitdii SuIIdliiffa^ Ifondoiii wCSA lAYj fram 
trhlch cdp!m sda/ bo oblftlnod* 



